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Corrosion behavior of stainless steel types AISI 316L, 316Ti and 
321 was studied at 750 0C in NaCl-KCl equimolar melts.  Iron, 
chromium and manganese species constitute the major corrosion 
products.  The following mechanism of stainless steel corrosion in 
molten chlorides was proposed: 1) chemical interaction between 
the alloy and the salt intensified by the formation of microgalvanic 
pairs; 2) formation of chromium and molybdenum carbide-
containing phases in steel as a result of heating to 750 0C; 3) 
additional formation of galvanic pairs between the grains of 
austenitic alloys and the carbide phases at the grain boundaries 
resulting in enhanced intergranular corrosion. 
 
Introduction 
 
Alkali halide based molten electrolytes have a wide range of potential applications for 
electrowinning and electrorefining of metals and also for pyrochemical reprocessing of 
spent nuclear fuels.  However, the industrial scale use of fused salts is limited by the 
problem of finding suitable corrosion resistant materials stable in contact with molten salt 
media.  Corrosion of metals in molten salts was studied for a number of years (1-21), but 
the corrosion mechanism and the effect of melt properties upon it were not studied in 
detail, especially for corrosion of alloys in chloride melts under an inert atmosphere.  
 
In the present work the corrosion behavior of stainless steel types AISI 316L, 316Ti 
and 321 was studied at 750 0C in NaCl-KCl equimolar mixture based melts by 
gravimetric method.  In addition the surface of the corroded samples was analyzed using 
metallographic and X-ray microanalysis. 
 
Experimental 
 
The NaCl-KCl equimolar mixture was prepared from the individual NaCl and KCl 
reagent grade salts that were dried for three hours at 250 0C, then melted and sparged 
with a mixture of chlorine and hydrogen chloride for four hours, and finally kept under 
vacuum for further 3 hours.  For the preparation of NaCl-KCl melt the individual salts 
were fused in a required proportion and held for 2-3 hours under purified argon. 
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Austenite chromium-nickel stainless steels AISI 321, AISI 316Ti and AISI 316L 
(Table I) were chosen for this study because they have increased stability against 
intergranular corrosion.  AISI321 type steel is characterized by high heat resistance up to 
750-850 0C.  AISI 316 steels are differing from other steels by enhanced corrosion 
resistance especially against pitting corrosion.  AISI 316Ti is stabilized by titanium, and 
therefore it has sensitization resistance (prevention of precipitation of chromium carbides 
at the grain boundaries) in the temperature range from 550 to 800 0C.  AISI 316L is a low 
carbon steel and thus also reduces the sensitization effect caused by the high 
temperatures. 
 
TABLE I.  Chemical composition of studied stainless steels (22). 
Component content, wt. % Type of 
steel C Si Mn Cr Ni Ti Mo S P Cu 
AISI 316L <0.03 <0.4 1.0-2.0 16.8-18.3 13.5-15.0 - 2.2-2.8 0.02 0.03 -  
AISI 316Ti <0.1 <0.8 <2.0 16.0-18.0 12.0-14.0 0.5-0.7 2.0-3.0 0.02 0.035 0.3 
AISI 321 <0.12 <0.8 <2.0 17.0-19.0 9.0-11.0 0.5-0.8 - 0.02 0.035 0.3 
 
Before the experiments samples of AISI 321, AISI 316Ti and AISI 316L types of 
steel were prepared.  Steel bars were cut to produce cylindrical billets 5-7 mm length.  
Each billet was polished to a mirror shine, washed by water and then by acetone.  The 
prepared samples were dried, then weighted and their surface area was measured.  
 
The corrosion experiments were conducted in silica cells closed by vacuum rubber 
stoppers.  The alumina crucible was used to contain the melt and steel samples.  The melt 
in the cell was kept under excessive pressure of purified argon to prevent possible 
oxygen contamination from the surrounding atmosphere.  All the experiments were 
conducted in NaCl-KCl equimolar mixture at 750 0C.  Duration of the corrosion tests was 
varied from 1 to 30 h and several cylindrical samples of each type of steel were used in 
each experiment.  After conducting the experiments the weight decrease of the samples 
was determined and averaged. 
 
Quenched melt samples taken after each experiment were analyzed to determine the 
content of the elements of interest using ICP MS method (Elan 9000, Perkin Elmer) and 
X-ray fluorescence spectroscopy (ARL QUANT’X).  The surface of steel samples after 
corrosion tests was examined using metallographic analysis (Olympus GX-71F) and Х-
ray microanalysis (JSM 6490). 
 
Results and discussion 
 
The results of measuring the average weight decrease and the corrosion rate of 
different steel samples in NaCl-KCl melt are shown on Figure 1 and 2.  The rate of the 
corrosion increased during the initial period of the exposure before reaching a maximum 
value.  Then the rate of the weight loss began to decrease and approached a constant 
value at ca. 0.02 mg/(cm2•h) for AISI 316Ti and 316L, and ca. 0.04 mg/(cm2•h) for AISI 
321.  These results indicate a relatively low corrosion rate.  According to the 
metallographic analysis the mechanism of the corrosion is similar for all types of steel 
studied here.  During the initial period there is gradual etching of the sample surface 
(Figure 3, a, c, e).  After 30 h of exposure a weak intergranular corrosion was noticed 
(Figure 3, b, d, f).  In terms of intensity and thickness of the layer of intergranular 
ECS Transactions, 33 (7) 321-327 (2010)
322 ) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 213.142.35.54Downloaded on 2019-07-19 to IP 
corrosion the studied steels can be ranged in the order AISI 321 > AISI 316Ti > AISI 
316L.  This sequence correlates well with the carbon content in the steels (Table I).  
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Figure 1.  The decrease of mass of stainless steel samples (types AISI 321, 316L and 
316Ti) exposed to NaCl-KCl melt, 750 0C. 
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Figure 2.  The corrosion rates of stainless steel types AISI 321, 316L and 316Ti exposed 
to NaCl-KCl melt, 750 0C. 
 
Analysis of the quenched electrolyte samples (Table II-IV) showed that iron, 
chromium and manganese species were the major corrosion products dissolved in the 
molten salt.  These results were also confirmed by X-Ray microanalysis of the corroded 
samples, the surface of steel samples was depleted in manganese and chromium and 
i 
i 
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enriched in nickel and molybdenum (Figure 4).  The iron content in the melt gradually 
increases with time, whereas chromium concentration rises sharply after 6 h exposure for 
AISI 321 and 316Ti and after 20 h for AISI 316L alloy.  Manganese content in the 
molten electrolyte remains almost constant in entire time interval. 
 
Figure 3.  Microstructure of AISI 321 (a, b), 316Ti (c, d) and 316L (e, f) steel sample 
after 6 h (a, c, e) and 30 h (b, d, f) contact with NaCl-KCl melt at 750 0С. 
 
The following mechanism of stainless steel corrosion in molten chlorides can thus be 
proposed.  At the first stage a chemical exchange reaction between the alloy and the salt 
occurs.  As a result of this interaction gradual etching of samples is taking place.  The 
rate of the corrosion in the initial moment of time is highest due to significant difference 
between the values of the red-ox potentials EMen+/Me and EA+/A, where Me – component of 
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steel, A – alkali metal (Na or K).  As the potential of the steel in the melt approaches a 
certain stationary value, the corrosion rate decreases.  At the first stage iron 
predominantly dissolves due to its higher content in the steel and strong interaction 
between the components in Fe-Cr-Ni alloys.  The dissolution of other than iron elements 
by such mechanism is less possible except the most electronegative manganese and 
titanium (23).  However, due to the formation of strong titanium carbides and 
carbonitrides, titanium does not corrode.  Moreover, these carbon-containing grains can 
act as cathodes in respect to the alloy thus enhancing the corrosion process. 
 
TABLE II.  Metal content (ppm) in quenched NaCl-KCl based melts held in contact with AISI 321 steel 
samples at 750 0C 
Exposure time, h Element 3 6 20 30 
Fe 315±114 899±122 1178±140 1920±175 
Cr 375±115 374±12 628±175 2940±184 
Mn 340±141 889±149 793±157 636±219 
Mo 54±22 95±18 74±23 76±24 
Ti not found not found not found not found 
Ni not found not found not found not found 
 
TABLE III.  Metal content (ppm) in quenched NaCl-KCl based melts held in contact with AISI 316Ti steel 
samples at 750 0C 
Exposure time, h Element 3 6 20 30 
Fe 593±122 942±131 1222±131 2016±175 
Cr not found 11±12 1099±228 1238±193 
Mn 383±140 444±140 435±132 706±184 
Mo 51±19 130±18 252±18 401±27 
Ti not found not found not found not found 
Ni not found not found not found not found 
 
TABLE IV.  Metal content (ppm) in quenched NaCl-KCl based melts held in contact with AISI 316L steel 
samples at 750 0C 
Exposure time, h Element 3 6 20 30 
Fe 671±137 696±137 970±149 4836±298 
Cr not found not found not found 746±199 
Mn 920±186 472±162 410±162 1256±261 
Mo 137±50 78±17 not found 373±25 
Ti not found not found not found not found 
Ni not found not found not found not found 
 
At the second stage, chromium-containing carbide phases are formed along the grain 
boundaries.  The formation of chromium carbides is caused by heating (24-28) and for 
the steels working in contact with high temperature melts is unavoidable.  The interstitial 
carbon atoms diffuse to the grain boundaries very rapidly and the subsequent carbide 
precipitation depletes the matrix and the grain boundary regions surrounding the carbide 
phases in chromium which diffuses much more slowly.  As a result additional formation 
of galvanic pairs between the grains of austenitic alloys and the carbide phases at the 
grain boundaries occurs.  As a result of the formed galvanic couple Me6C(Me23C6)|NaCl-
KCl|steel intergranular corrosion takes place.  Increasing carbon content in the steel 
results in the increase of the sensitization (precipitation of chromium carbides at the grain 
boundaries). 
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Figure 4.  Distribution of elements in the surface layer of AISI 316Ti stainless steel 
samples after 30 h exposure to NaCl-KCl melt at 750 0C (for Ni and Cr content use the 
right Y-axis). 
 
Conclusions 
 
Corrosion behavior of the stainless steel types AISI 316L, 316Ti and 321 was 
investigated at 750 0C in the melts based on NaCl-KCl equimolar mixture.  It was found 
that iron, chromium and manganese species are the major corrosion products.  It was 
shown that carbon content determines corrosion resistance of steels through the 
sensitization effect caused by the high temperatures.  The mechanism of stainless steel 
corrosion is suggested. 
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